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Abstract
Lung Cancer has been an issue of concern these days as there is an alarming toll of rising deaths every year. A good amount of
research is pursued on aspects of the genetic and hereditary and also computational methods to detect Lung cancer. Even though
there is a lack of awareness about this disease due to a colossal gap between technical and clinical research areas. Accordingly this
research paper presents a comprehensive study on Lung Cancer detection in terms of simulation of medical images and clinical
analysis wherein one of the KRAS mutations has been analysed in lung cancer patients and their lung images have been used for
developing medical images with better tumour spot detection. The computational technique used for simulation purpose involves
morphological image processing methods, which mainly work on the topological and shape content of the images acquired.
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1. Introduction
Lung cancer which is also called cancer of the bronchus is categorized by uninhibited cell growth in tissues of lungs,
mostly caused by the carcinogenic agents. This cancer is a signiﬁcant contributor of increased cancer deaths leading
to abrupt changes in human life. The resulting cells will not develop into healthy ones; they divide to form tumours
which are considered as the main cause of death from cancers1. Most of the times this anomaly is a genetic disorder,
but these days it is even seen in normal group of people. This is mainly due to sedentary lifestyles and eating habits,
moreover so called developed attitude of the people who take prohibited things for their entertainment and luxury.
This class of cancer becomes more dangerous leading to pulmonary diseases during its course and makes the life of a
patient a nightmare. Survival from lung cancer is directly related to its growth and its detection time. The earlier the
detection is, the higher the chances of successful treatment are2. Once it is detected the patient has to undergo a proper
treatment and rigorous painful medical procedures by avoiding the blunders they did to them with their habits.
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The current research work emphasize on two approaches, (i) Computational approach: using image processing
methods that belong to class of morphology (ii) Clinical approach: the speciﬁc natural antioxidants available in
the daily diet which can show anticancerous activity. Computational methods solve the problems without involving
invasive procedures such as biopsies and also reduce the misinterpretations by radiologists3, 4. Clinical work involves
in blood sample collection and gene mutation process. In fact, KRAS (Kirsten Rat Sarcoma) mutations comprise 86%
of all RAS (Rat Sarcoma) mutations.5 Mutations in KRAS occur with the greatest frequency in all human cancers
(21.6%), followed by Neuroblastoma RAS (8.0%), and Harvey RAS (3.3%).5 KRAS was initially identiﬁed in a human
lung cancer cell in 1982 and, since then has been shown to be mutated in 35%–50% of all non-small cell lung cancers.6
Of all the known human RAS genes, KRAS is most frequently mutated in cancer7.
2. Computational Approach
Digital Image processing is one of most wide spread research area these days. As said in old proverb that an
image worth more than thousand words, it means even a common man without much knowledge of any subject can
easily understand and interpret the images. Medical image processing application has occupied its importance in both
technical and clinical aspects for its help towards the detection and analysis of abnormalities, by making the work
easier for medical professionals in treating the problem with more scientiﬁc and sophisticated methods. Most of the
diagnostic systems these days depend on Medical Imaging Modalities and these images also have some limitations
which are to be given attention. The limitations are such that human intervention is necessary such as clinical expertise
and knowledge on techniques used. The purpose of this approach is to detect cancerous lesions present in the CT
images of lung using median ﬁltering process (most often in simple words this process is called enhancing the intensity
levels of the image for better understanding and analysis) for image enhancement and morphological operations to
segment the lesions.
2.1 Implemented model
Fig. 1. Implemented Model Block Diagram.
2.2 Results and analysis
The working of the model starts with image acquisition i.e. the CT image considered in this work is used in
consultation with a Physician after taking proper permission from the patient. The image is fed to pre-processing by a
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Fig. 2. (a) Original Image; (b) Binary Image.
Fig. 3. (a) Dilated Image; (b) Eroded Image.
median ﬁlter to remove any noise elements present and then it is subjected to morphological operations to extract the
cancerous cell. A contour detection process is carried to outline the cancerous lesion in original image. The ﬁltering
has become indispensable for medical images because there is a probable chance that some noisy elements are added
during the image acquisition using various medical imaging modalities. Whereas morphological operators are inherent
with set theory and logical operations like Union and Intersection, resulting in far-reaching results because of changes
in shape and structures of images. At the end of the proposed model contour detection (an outline of tumour lesion) is
done by superimposing the output image on original image.
The processes involved in morphology take an order of Dilation ﬁrst and then Erosion, later opening operation. Here
a structuring element is involved on its own as per the application, without any entry by the user. Structuring element
is in the form of a square matrix having intensity values (pixel based) to carry a mapping process on the considered
images.
The implementation of this simulation is carried using a PC with speciﬁcations such as Core i5 processor with
4GB RAM and Matlab Technical Computing Language. Matlab is a user-friendly application which contains almost
100 toolboxes out of which only a few will come into work during simulation. The toolboxes which mainly take part
in our work are image acquisition, image processing, ﬁnite element set and statistical toolboxes; in addition there are
block sets which take auxiliary role in programming and simulation. The statistical toolbox is main reason to obtain
the statistical parametric values for analysis.
A few image statistics of contour region indicated in Fig. 4(b) which is obtained after opening operation and
superimposing on the original image have been calculated and they are tabulated below.
The parameters of concern are area, perimeter, Centroid and Diameter; area and perimeter indicate the spread of the
cancerous lesion, Centroid indicates the centre of the mass of the region (cancerous cell) and diameter indicates the
measure of length of a value which passes through origin of cancerous cell.
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Fig. 4. (a) Morphologically Open Binary Image; (b) Contour Detection.
Table 1. Image Statistics of
Contour.
Parameter Value
Area 637.0
Perimeter 98.1
Centroid 82.5
Diameter 28.5
3. Clinical Approach
3.1 Materials and methods
The work involves a collection of blood samples from various lung cancer patients along with their case history and
medication details. After DNA extraction, KRAS ampliﬁcation, and sequencing, the target SNP count was checked in
all the samples.
3.2 Sample collection
The samples of 3ml blood were collected in K3 EDTA tubes in the following groups:
(i) diseased smokers-35
(ii) diseased non smokers-25
(iii) healthy smokers-15
(iv) healthy non smokers-10
All the samples were stored at −20◦C to protect the integrity and to avoid any loss, because the samples are precious
in laboratory works.
3.3 Genomic DNA isolation, puriﬁcation and qualitative estimation
Genomic DNA was isolated by the Bunce’s method in which the anticoagulated blood was treated with a solution
of Tris HCl, Sucrose and MgCl2. Further EDTA and NaCl solution was added to the pellet followed by the subsequent
treatment with Sodium acetate and ice cold chloroform. To the supernatant obtained an equal volume of ice cold iso
propanol was added for proper DNA precipitation. For puriﬁcation the precipitated DNA was incubated at −20◦C
overnight and Centrifuged at 6000 rpm/10min. The pellet was washed with 1ml of 70% ethanol and recentrifuged.
The air dried DNA pellet was dissolved in 100μl of 1 × T E buffer.
The agarose gel electrophoresis was carried out to check the integrity and quality of the DNA yield. All the samples
were run on 0.8% Agarose at 100V for 30 minutes. Furthermore the spectrophotometric readings were taken to obtain
the ratio at wavelengths of 260 and 280 nm. Samples were then diluted to 25ng/μl each for using them in PCR.
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3.4 Primer designing and ampliﬁcation
Speciﬁc primer was designed using Primer BLAST for the target region of kras consisting of the SNP Site. The
mixture of the PCR reaction had a ﬁnal volume of 25μl and contained 50 ng of genomic DNA (2μl), 5μl of Taq buffer,
1μl of 1.5mM MgCl2, 2μl of 0.2mM dNTP, 2μl of 20 pmol of each primer, 2μl of 1.00 Unit Taq DNA polymerase
(“Fermentas”) and 9 μl of nuclease free water. The ampliﬁcation was performed in ‘Bio-Rad Thermo cycler’ using
the following cycling parameters:
• pre denaturation (94◦C) 5 minutes,
• 30 cycles of denaturation (95◦C) 45 second, annealing (55◦C) 30 second, extension (72◦C) 1 minute,
• ﬁnal extension (72◦C) 7 minutes.
The amplicons were subjected for sequencing and the obtained sequences were analysed for the presence of SNP.
Furthermore the lung images of the 60 patients were used for image processing work for tumour spot detection and
obtaining important vital statistics.
3.5 Results and analysis
3.5.1 Selected SNP
rs104894361 [Homo sapiens]
GCCTGCTGAAAATGACTGAATATAA[A/T]CTTGTGGTAGTTGGAGCTGGTGGCG
Chromosome: 12:25245370
Gene: KRAS (GeneView)
Functional Consequence:missense
Allele Origin: T(germline)/A(germline)
Clinical signiﬁcance: Pathogenic
Primer designed
Sequence (5′ → 3′) Template strand Length Tm GC%
Forward primer ACCCTCTCACGAAACTCTGAA Plus 21 58.68 47.62
Reverse primer CGTAGGCAAGAGTGCCTTGA Minus 20 60.04 55.00
3.5.2 SNP analysis
Following samples were found to have T instead of wild type A at position 25245370 of the 12th Chromosome
(i) diseased smokers-21
(ii) diseased non smokers-09
(iii) healthy smokers-07
(iv) healthy non smokers-00
From the above result it is evident that the A to T transition may play a signiﬁcant role in causing lung cancer. The
chance of disease increases in smokers wherein there is a high probability of this SNP when compared to non-smokers.
Out of 50 smokers 28 (56%) and out of 60 diseased 30 (50%) were found to have this SNP. This suggests that the
lifestyle of smoking habit has to be quit in order to reduce the risk of getting more affected.
4. Conclusions
This research paper has focused on the image processing methods to detect cancerous cells in a CT image and also
a clinical study by involving results obtained on collection of blood samples. The results embodied in computational
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work involve simulation of medical image and calculation of image attributes for analysis. The pre-processing of
the image is carried out using median ﬁlter in order to remove any noisy elements available in acquired images and
then in post-processing stage morphological operators are used for feature extraction (cancerous cell) and an outline
is drawn to clearly show the tumour part. Further cognitive approaches can be involved in future to make the work
easier in ﬁnding the tumours and analyse them with proper parameters. Whereas in clinical approach, although KRAS
mutations were identiﬁed in NSCLC more than 20 years ago, they have only in recent times come to be appreciated
as biomarkers of response to speciﬁc anti-cancer agents. Promising data derived from our work suggest that KRAS
mutations are negative predictors of beneﬁt from both adjuvant chemotherapy and anti-EGFR–directed therapies.
Additional efforts to develop therapies for patients with KRAS mutant NSCLCs are right away required. In future a
few more research and scientiﬁc study is required so that clinical and computational methods go by hand in hand, such
that an automatic system is designed and developed to create awareness ﬁrst among the people about abnormalities
and treatment methods available. On a general note it is also advised to the patients to quit their smoking habit such
that they can prevent it.
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